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How to select the right 

backup generator 


By Jeffrey R. Yago, P.E., CEM 

N ow that the threat of ter- 
rorist sabotage to our utili- 
ty infrastructure has been 
added to our basic con- 
cerns about storm related power out- 
ages, this may be the final straw in 
your decision to purchase a generator. 
If you are considering buying a gen- 
erator for your home or farm, the first 
step is deciding what you want to 
operate when the power goes out. 
This will help determine the kilowatt 
(kW) capacity of the generator, the 
engine type (gasoline, propane, natu- 
ral gas, or diesel), and installation 
wiring (plug-in or permanently con- 
nected). 

You also need to consider how 
often you will need a generator. If 
you live near a large city served by 
multiple power lines, power outages 
will be rare and last hours, not days. 
The more rural your area, the fewer 
the utility customers affected when a 
utility line goes down, and that means 
a long wait since utility crews will 
address those lines serving the most 
customers first. 

Some parts of the United States his- 
torically have more storm related 
power outages than others. Northern 
states have more winter snowstorms, 
Eastern states have more ice storms, 
Southern states have more hurricanes 
and Western states have more torna- 
does, earthquakes, and rainstorms. 
California has recently demonstrated 
that utility grid interruptions and 
brownouts are not always winter 
storm related. Do you live in an area 
that has a history of extended power 
outages? If so, then maybe it is time 
you did something about it and pur- 
chase a generator. 


There are generally three categories 
of generators for the residential mar- 
ket, and each have very different 
capabilities. 

Portable generator 

This is the typical portable 1-kW to 
3-kW generator you find in most out- 
door equipment and discount ware- 
house outlets. With few exceptions, 
these will have a small gasoline tank 
providing limited operating hours, a 
manual pull- starter, a handle for one 
person lifting, and a plug-in outlet 
panel to connect your electrical loads 
using extension cords. These genera- 
tors have small lawnmower style 
mufflers which can be loud, and their 
lightweight construction and high 
3,600 RPM engine speed limits their 
life to only a few seasons. Their main 
advantages are low cost ($400 to 
$600) and portability. 


The portable generators in the 
smaller kW sizes are more suitable 
for camping, since they can only 
power a few lights, a small television, 
and several small appliances. The 
larger kW sizes have enough capacity 
to power a kitchen size refrigerator or 
well pump. These generators are not 
designed to be hard wired into your 
house wiring, and their higher noise 
levels and need for constant refueling 
reduces their desirability for a perma- 
nent back-up power system. 

Contractor grade 
generator 

Although still considered a portable 
gasoline generator, most of these gen- 
erators use heavier cast iron engines 
that will provide much longer life. 
These generators are in the 4-kW to 
6-kW capacity range, which is only 
slightly larger than the portable gen- 



16 



July/ August 2003 Backwoods Home Magazine 



1-kW lightweight 
Honda portable generator 


erators above, but are designed for 
much heavier use. Most of these gen- 
erators have a protective tubular steel 
cage with a top mounted oversized 
fuel tank for longer run times 
between fill-ups. Units above 6-kW 
usually have two-cylinder engines 
and electric starters. Expect to pay 
$1,200 base price for this size genera- 
tor and over $2,000 for a larger elec- 
tric start model. This is the minimum 
size and quality generator I would 
recommend for anyone wanting a do- 
it-yourself back-up power system for 
their home. 

Residential backup 
generator 

There is no pretense here; these 
generators are designed to be perma- 
nently mounted on an outside pad and 
hard wired into your home’s electri- 
cal circuit breaker panel. Although 
these are available with a standard 
gasoline engine, most are designed to 
run on propane or natural gas to elim- 
inate the need to refill a fuel tank. 
These generators are also sold with 
long life diesel engines, but this will 
require keeping a fresh supply of 
diesel fuel available which may not 
be practical for some homeowners, 
although diesel fuel is safer to handle 
and more economical than gasoline. 

These generators are available in 
any size you could imagine; however, 
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Kohler automatic transfer switch 


8-kW to 10-kW is considered the 
minimum size range for permanent 
residential back-up power applica- 
tions. Expect to pay $4,000 to $6,000 
for this size generator depending on 
quality and safety options, and more 
for a longer life diesel engine version. 
Once you make it past the initial 
price shock for a generator this size, 
you will be pleasantly surprised to 
find that the larger 12-kW to 16-kW 
residential models are not that much 
more expensive. If you need to power 
more loads at the same time like an 
air conditioner, central heating sys- 
tem, or electric hot water tank, then 
you may need a generator in this larg- 
er size range. 

These permanently installed gener- 
ators are much better suited for resi- 
dential emergency back-up power 
systems than portable generators, 
since they include a sound absorbing 
weather-proof housing, a very good 
noise reduction muffler, and a slower 
1800 RPM engine which greatly 
extends engine life. You will need a 
plumber to safely connect the unit to 
an existing natural gas or propane 
supply line, and an electrician to wire 
the generator to an electrical transfer 


switch which will be wired into your 
home’s main circuit breaker panel. 

Transfer switches 

Of course you can drag your gener- 
ator out of the garage during the next 
power outage and string multiple 
extension cords through an open win- 
dow to your television, table lamps, 
and refrigerator. This can be very 
enlightening, especially during a rain- 
storm, as you trip over the kids and 
dog in the dark while stringing wet 
extension cords from one end to the 
other. 

Up until a few years ago most trans- 
fer switches were large and costly, 
and only found on large commercial 
back-up generators serving hospitals, 
schools, and airports. These large 
devices are designed to constantly 
monitor the utility grid for a power 
outage, automatically start the gener- 
ator, and safely transfer the emer- 
gency loads over from the grid to the 
generator. These automatic transfer 
switches also have a programmable 
timer to start and exercise the genera- 
tor several times each month to keep 
everything operational, and provide 
operator warning alarms if the gener- 
ator fails to start or has a service 
problem. 

With the recent trend in more and 
more owner’s of upscale homes and 
home-based businesses demanding 
their own reliable backup power sys- 
tem, manufacturers 
are now offering a 
much less expensive 
manual version of 
these transfer switch- 
es. Although manu- 
ally operated transfer 
switches do not 
include the automat- 
ic generator start 
capability, they can 
be easily added to 
your home’s electric 
panel. Since it is not 
practical to install a 
generator large 


enough to power everything in your 
home at the same time, these smaller 
manual transfer switches have multi- 
ple three-way switches to allow trans- 
ferring individual electrical loads 
between the generator and utility 
grid, depending on which loads are 
the most critical at a given time. This 
allows using a much smaller genera- 
tor, without the danger of overloading 
that would occur if all of the appli- 
ances were connected at the same 
time. 

Most manual transfer switch panels 
are sold with an extra long heavy 
duty cable and plug that allows con- 
necting the transfer switch directly 
into the generator’s power receptacle 
without the need for hard wiring or 
generator modifications. Although a 
manual transfer switch may add $200 
to $400 to your generator installation 
cost, depending on size and quality, it 
is well worth the price if you are seri- 
ous about a back-up power system. 
When the next power outage occurs, 
you still may need to manually start 
the generator, but switching your crit- 
ical loads over is now safe and easy. 
No more extension cords and open 
windows with exposed wires running 
outside in the rain. Some transfer 
switches are available with dual 
meters to help balance the loads on 
each output leg of your generator. 

I am reluctant to mention the cheap 
version of connecting a generator to a 
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home’s power wiring without a trans- 
fer switch, but I feel it is necessary to 
highlight the danger of this technique. 
Almost everyone will have a brother- 
in-law who thinks they are an electri- 
cian, who wants to make a double 
ended dryer outlet extension cord for 
your portable generator to save 
money. My advice is do not ever 
think about it. This old trick uses an 
electric cable with a male plug on 
both ends that connect the generator’ s 
240-volt outlet with your three-blad- 
ed electrical dryer receptacle. 

This routes all of the generator’s 
output directly into the electric buss 
bars inside the main circuit breaker 
panel of your home. However, your 
electric meter, all other electric loads, 
and the utility grid are also connected 
to this same electric buss. Since most 
people have a limited understanding 
of how their electrical service oper- 
ates, they will not recognize the need 
to turn off the circuit breakers to all 
larger appliances like electric stoves 
and air conditioners, which almost 
guarantees they will overload the 


generator which is “back-feeding” 
their electrical panel through the 
dryer outlet. 

They will also forget to switch off 
their service disconnect, guaranteeing 
the utility power will feed back into 
the generator as soon as the grid is re- 
energized. Every year there are hun- 
dreds of portable home generators 
that become fireworks displays in the 
backyard when the utility grid comes 
back on, not to mention the potential 
to also burn down the house. Since 
both the generator and the clothes 
dryer have “female” 240-volt recepta- 
cles, this requires both ends of this 
homemade cable to be “male,” with 
electrically energized exposed blades 
that you could accidentally come in 
contact with prior to plug in. 

Do not take the risk. Purchase a 
manual transfer switch with any 3- 
kW to 6-kW portable generator, and 
an automatic transfer switch for all 
larger pad-mounted generator instal- 
lations. 



GenTran manual transfer switch with 
individual load controls 


New generator 
technology 

One of the main problems with 
using a generator today is all the new 
electronic and computer equipment 
we all own which require a very sta- 
ble voltage source that is free of elec- 
trical line “noise.” Older and lower- 
cost generators cannot always pro- 
vide this clean electricity, since their 
supply voltage will keep changing as 
the generator’s engine adjusts to meet 
the switching load demands. 
Appliances in the United States are 
designed to operate on 60-cycle pure 
sinewave 120- volt AC power. 

If you could view this on an elec- 
tronic scope, you would see the utili- 
ty grid voltage rise smoothly up to a 
peak, then reverse to peak again in 
the opposite direction, 60 times every 
second, rising and falling smoothly 
like waves on a pond. The 120- volt 
measurement is the average of this 
constantly changing voltage wave 
form, and the maximum peak-to-peak 
voltage is actually closer to 169 volts. 

Some lower-cost generators use 
voltage controls to increase their 
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advertised peak load capacity by 
reducing this peak voltage as the load 
increases. You would still measure 
120- volts AC with a volt meter when 
this happens, and most lights and 
small appliances would not notice the 
difference, but some types of motors 
may run slower, and almost all bat- 
tery chargers will experience a signif- 
icance loss in performance since 
these devices need the full peak volt- 
age to operate properly. 

Generator manufacturers have start- 
ed to address these power quality 
issues by offering models that include 
a true sinewave inverter added to the 
generator’s output circuit. These 
inverter generators or “I” models, 
provide grid quality sinewave output 
with a rock stable voltage throughout 
the full capacity range of the genera- 
tor. Although this feature adds signifi- 
cantly to any generator’s base price 
without increasing its total kW capac- 
ity, this generator feature is desirable 
if you are planning to charge a back- 
up battery bank or power electroni- 
cally sensitive computer or audio 
video equipment. 

Generator load 
estimating 

As mentioned earlier, it is not prac- 
tical to install a generator that can 
equal the capacity of the utility grid 
supplying your home. This is not 
even done for commercial or institu- 
tional back-up power systems, which 
have only critical loads powered by 
their generator. These large emer- 
gency generators are normally only 
used to power emergency lighting, 
phone and fire alarm systems, and the 
pumps and controls needed to keep 
the heating system functioning nor- 
mally. These generators are rarely 
sized to also power large central air 
conditioning systems, except for hos- 
pital operating rooms, micro-elec- 
tronic clean rooms, and critical com- 
puter rooms. Just like the large sys- 
tem designer, you need to decide 
what electrical loads are absolutely 


Electrical 

loads 

Fixture/appliance 

Run wattaqe 

Incandescent bulbs 

Bulb wattage 

Fluorescent lamps 

Bulb wattage x 1 .2 

Kitchen Microwave 

1,260 

Toaster 

1,055 

Drip coffee maker 

850 

Dishwasher* 

1,150 

20 cu. ft. refrigerator* 

700 

19" color TV 

75 

50" projection screen TV 

180 

DSS satellite receiver 

15 

Stereo VCR 

22 

Stereo amplifier 

75 

CD player 

5 

Tape deck 

6 

Circular saw* 

1,400 

Deep well pump* 

1,000 

Heating hot water loop pump* 

98 

Aquarium pump, heater, and light 145 

Desktop computer and monitor 

210 

Inkjet printer 

17 

Fax machine 

20 

Cordless phone 

2 

60-gallon hot water heater 

4,500 

Clothes washer* 

500 

Furnace blower fan* 

700 


Electrical loads that include a motor or compressor noted 
with an asterisk (*) will have a momentary startup in-rush of 
electrical current almost double the normal run time wattage 
shown in the table, which could easily exceed your generator’s 
peak capacity. Double the run time wattage estimates shown 
for all motor loads to make sure your generator can handle this 
initial start-up surge. Also note that all fluorescent lights have a 
ballast load that is accounted for by using the indicated 1.2 
multiplier. 


necessary to 
remain opera- 
tional in your 
home during 
an extended 
power outage, 
which will 
determine your 
generator size. 

Most engine 
driven genera- 
tors have a 
"stepped" lin- 
ear relation- 
ship between 
their loading 
and their fuel 
consumption. 

Most lightly 
loaded genera- 
tors will con- 
sume the same 
fuel from no 
load up to 
about 25 per- 
cent loading. 

Above this 
point, the fuel 
consumption 
will increase at 
the same per- 
centage as the 
load up to 
about 75 per- 
cent of full 
load. Above 
this generator 
loading, the 
fuel consump- 
tion will increase at a higher rate than 
the load. The 50 to 75 percent load 
range appears to be the most fuel effi- 
cient operating range for most gener- 
ators, and it should be clear that it is 
not fuel efficient to operate an 8-kW 
generator just to power one table 
lamp. This load-fuel relationship 
should be considered when selecting 
the loads that will be supplied by 
your generator, and when selecting 
the generator size matching this oper- 
ating range. 


Using the table of appliance 
wattage estimates, make two lists. 
Keep in mind that these are average 
values and you should verify the 
nameplate data on your own appli- 
ances if in doubt. Your first list will 
be the total wattage of all lights and 
appliances that must operate at the 
same time. Your second list will iden- 
tify all larger electrical loads you may 
also like to supply, but are not 
required to operate while these more 
critical loads are on. This will help 
determine how many separately 
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switched circuits you will need on 
any transfer switch, since these loads 
must remain off until they can be 
operated when all other loads are off. 

An example of these less critical 
electrical loads would be a clothes 
washer, an electric hot water heater, a 
small window air conditioner, or a 
dishwasher. Although these loads 
could easily require all of the output 
of a smaller generator, you may be 
able to heat up the water tank from 
the generator and operate a washer 
later at night when all other loads are 
turned off. Remember that a water 
heater and well pump are usually 
240-volt loads, and will require dif- 
ferent switching and wiring than your 
120- volt loads. 

Generator load balance 

Most generator nameplate ratings 
are their maximum peak capacity, 
which must be de-rated if the loads 
are continuous or consist of many 
separate appliance motor loads that 
will be randomly starting and stop- 
ping. Be sure to take this into consid- 
eration when making your final gen- 
erator selection. Also note that most 
back-up generator capacity ratings 
are based on a balanced loading of 
their dual leg 120/240- volt output. 
This means that each 120- volt side of 
any 240-volt generator output is 
designed to supply half of the total 
nameplate wattage. A 4-kW rated 
generator may only have 2-kW 
capacity supplying each of its two 
120- volt circuits. If all of your con- 
nected loads are 120- volt, then these 
loads should be equally divided 
between these two separate branch 
receptacles. If all of your electrical 
loads are connected to the generator 
with a single two conductor extension 
cord, your generator may only be 
able to supply half of its nameplate 
rating through this single cord. 

Most generator panels have multi- 
ple receptacles on separate “legs” of 
the generator’s windings. Be sure to 
take advantage of these multiple out- 


lets by using two or more extension 
cords to supply your loads which will 
help balance the generator’s dual 
voltage output. I have noticed that 
some portable generators now include 
a 120/240-volt load switch on the 
generator’s receptacle panel to do this 
load balancing for you. When you 
will not be powering any 240-volt 
loads, this switch will combine the 
separate generator windings so 
almost all of the nameplate rating 
capacity will be available to the dual 
120- volt duplex outlets. 

Larger generators have a two-pole 
240-volt circuit breaker instead of a 
receptacle panel to allow hard wiring 
the generator’s output directly to your 
home’s electrical service panel. If you 
will be using this type of wiring con- 
nection, try to make sure the individ- 
ual load circuit breakers are divided 
equally to each side of this dual pole 
circuit breaker. All 240-volt genera- 
tors need a fairly balanced loading on 
each 120- volt output leg to achieve 
their nameplate rating. 

Conclusions 

The purpose for buying an emer- 
gency generator is to have electricity 
during an emergency. I know that 
may sound obvious, but every year I 
hear about the guy who ran out and 
bought the first generator he could 
find when a snow storm was forecast, 
only to find out days later that it 
would not run without gasoline. 
Gasoline stored in a container or fuel 
tank will go “stale” after a few 
months, and your local gas station 
will also most likely not have power 
when you are without power. This 
means your generator will only run a 
few hours on the gas remaining in its 
tank if you have not planned ahead. 

In order for this to be a truly reli- 
able emergency power system, you 
need to have the fuel on hand to oper- 
ate your generator for several days. 
You should rotate your gasoline or 
diesel fuel every few months, and 
make sure it is stored in a safe place. 


Useful websites 

Diesel Generators 

Tuban Industrial Products 
www.eGens.com 
Imperial Diesel 
www.imperialdiesel.com 

Gasoline/Propane Generators 
Generac Power Systems 

www.generac.com 
Yamaha Generators 
www.yamahagenerators.com 
Honda Generators 
www.generators-direct.com 
Onan Generators 
www.coloradostandby.com 
Kohler Generators 
www.kraftpower.com 

Transfer Switches 
and Accessories 

Northern Tool and Equipment 
ww.northerntool.com 
Reliance Controls 
www.reliancecontrols.com 
Northwest Power Tools 
www.northwestpowertools.com 
CVF Supply 

www.cvfsupplycompany.com 
Mayberry Sales & Service 
www.mayberrys.com 
Norwall power Systems 
www.norwall.com 

It is also much easier to store, rotate, 
carry, and refill the generator’s tank 
from several smaller fuel storage con- 
tainers than one large one. For exam 
pie, my generator has a five-gallon 
fuel tank, so I keep four full five-gal- 
lon fuel storage containers on hand, 
but keep the generator’s tank empty 
to avoid its fuel going bad which 
would require draining and re-filling 
before it could be operated. 

Using the same size fuel storage 
container as the generator’s tank 
capacity makes for smoother re-fill 
operations, especially when standing 
in the rain or snow. I use the oldest 
fuel first to fill other motorized yard 
equipment and rotate the numbered 
containers as they are refilled. You 
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should consider adding a fuel additive 
to all standby gasoline and diesel fuel 
storage containers to extend their 
shelf life, but this still only adds 
months, not years to their useful life. 

Buying a propane or natural gas 
fueled generator will eliminate these 
problems since these fuels do not go 
stale. However, all generators need to 
be started and run once or twice each 
month to circulate their lubricants, 
drive off damaging moisture, and 
charge their starter batteries. Do not 
expect a generator that has been 
stored in the garage for over a year to 
start on the first pull, and don’t expect 
it to run with two-year-old fuel in the 
tank. 

Regular monthly testing and run- 
ning your generator, annual oil and 
filter maintenance, and keeping 
insects and rodents from building 
nests in the air intake is an integral 
part of keeping your generator ready 
for an emergency. 

Having a portable generator and the 
fuel to operate can be a real life saver 
during a week-long power outage, but 
having an automatic start generator 
and hard wired automatic transfer 
switch can be downright decadent. 

(Jeff Yago’s latest text titled, Achieving 
Energy Independence - One Step At A Time, 
provides a very good introduction to off-grid 
living and back-up generator power systems. It 
is available from the Backwoods Home book- 
store or by calling 804-784-0063.) A 
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